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In procuring; ashes from day by incmentioii for Agricnl- 
tunl purposea, many Iqrge lamps were found to be so 
completely calcined, and oihera partially fused ia the process 
of burning, aa Aa renler tb«m incapable of absorbings water, 
and consequently they remained on the gromd unaffected 
by the severest (iroats of last winter. This circuni stance 
combined with the general encomiums of travellers on roads 
iiiTBied of lava in the neighboaihood of Volca*oea, en- 
couraged a hope, that Vitrified Cxjct might tie made 
available as a substitute for bard Road malerials, in those 
districts, where uich substances an not procurable, but 
at an expense which forbids their application to the making 
and repairing of Koads. £pGoun(^d)by this idea. His 
Majesty'if letters Patent were solicited and obtained for 
these and other useful purposes (among which is the Under- 
draining of Land) in Idaich-last; since which time an 
experiment in the formation of a Road with a substantial 
impervious foundation— and the immediate and. continued 
discharge of water from Under drains, both.of which works 
were entirely conducted on' Scientific principles, and con- 
structed with Patent materials; afford a well grounded 
confidence that this ^tematical process, will be found 
bighly beneficial and desErablc, iriiere fit and proper 
materials for Road-makiMg and Under-dnuning, cannot be 
practically obtaiuahle. 

The Patsntee. 

A'o 21, Vffer Gttrgt.Strut, AyoMtow fifwrv. 
lttJ>ne,t8M. 



OBSERVATIONS, 

aaapBEHMHlsaBfesae 
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It capnot be regarded bat as an unaccqimtfible cir- 
GWkBimoe, that the ^rts of domestic use, in wliiiobr llD 
are interested, ^bould be fonnd to proccted f^ diywly 
towards improvenie^, wbila. those aS a deioonitiTehi^ 
piMrely ornanie^tal patore, ^^ wliinli fy^ ^^^p H^flnljiej 
are daily n^dung strides: toiw^cds pevfectiiHE^ 

Nptwithfitanding the beneficial asaistunce hImmJi 
chemistry has recently: affiMrded to many brenobee #f 
oar manofaotares-r-yet aser thene still mmj pthed ift 
which its aid is either ii\jadicioasly rcgeoted, fren an 
apprehensioa of expense, or its introd4eiion considarad 
an unnecessary roand-a-bout way of pfroiiuomg the 
desired effect The extremely nice, nay 4f Koate pre- 
cesses of ipalwg batter and obeesoi pay be addnoed m 
instances ; t|hes9 operations! are copdajQted with Kttie 
TaiiatiQn, for aaght known to-thp ppntr^,..in the avmfi 
UQscientifip mam[ier with which they were prebahfy 
porsned at the commencement of the cl^istian era;-r-> 
after which 178(^years had espired^befcwe the themoiM- 
ter was foand to be essentially osefnl i^ the brewing of 
m^t-Uquors; previously tow;bich time, the qondoctors 
of Breweries were deemed to be the most skilfal, who, 
like the Dairy maidB of the present day, had the best 
gness. 

Hie application of science generally in the serenl 
departmentf of the mannfaoinre of wheelKmrriagea-*- 
though excksively of a pleasurable desoriptioQ, may be 
offered as another instance of the litUe attention paid to 
the rules, of science, even where sivA an omission riionld 
appear to be wholly incompatible with the intecest and 
vocation of the manufacturer. The we%ht of a caniage-^ 
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power requbite to move it from a state of rest — best 
mode of distribating luggage — ^best diameter and best 
proportion of the fore, to the hind wheels, for general 
use ; with other questions of similar import, were, a few 
years ago, of difficult solution in Long Acre. 

If such manifest inattention to scientific rules be 
found to obtain in cities and towns, among individtiflls 
liighljr educated and amply endowed with the means of 
.instituting experiments on the unerring principles of 
accredited science; ought it to produce surprize that 
the nrt of Road-making, which time immemorial, like 
the manufacture of butter, has for the most part been 
cttftfined tp the exclusive operative management of 
individuals, uneducated in the philosophical principles on 
"i^hich the making of sound good roads entirely depend, 
: end uninterested in the result of their lab(mts, should at 
tills day be found in so humble, so subordinate a state* 
- Whilst a laudable care and protection are sedulously 
afibrded to that noble — that most useful animal the 
• Horse '^ while many sci^tific improvements, have, 
in the course of the last thirty years, been made in' the 
general construction of light carriages, among which is 
ihat of placing the whole moving weight on the springsr— 
the greater proportion of which was formerly attached 
to, and earned as dead weijg^hts, on the fore and hind 
carriage— and while the introduction of several very 
ingenious anid valuable aheratioiis in the oonstructidii of 
.^heels, arms and axle-trees, have succes&rfnlly t^en 
place, by which great relief has been afforded to draught 
horses; — ^yet the Roads over which they had to pass; or 
through which they were destined to drag their load^ 
have Mtherta claimed little attention from the scientific 
world: so little indeed, that the primary nay indispen- 
sable considerations of keeping their foundations per- 
'fectly sound and drjr and their surfaces of proper strength 
>and convexity, have till recently been ungovemed by any 
determinate scientific rules whatever/ 



Alikotigh yarious select Committees of the House of 
Commons have from time to time been appointed- to take 
into consideration the state and condition of the Tarn- 
pike Roads, and other Highways ; it does not appear ficom 
their reports^ that any plans for forming roads on scietitific 
{Hrinoiples, or any sys|em for conducting their snbs^qnent 
repairs had been submitted to their cciBsideration, or. 
that these subjects hfid so muob engaged their timet and 
attention .as the best mea^s of preventing the iiynries 
which roads sustained^ by the passing of undue weights 
over their surfaces, on improperly oonstrncted wheels 
and wheel carriages ; . these investigations though pro- 
ducing no very .substantial benefit' to tt[e Roads, baye 
contributed not less to the qase and contort of travellers^ 
than to the irelief of ilrayght horses ; — ^yet no encourage-, 
ment has4)een held out by any of these Committees, for 
the preparation, supply, or scientific application of 
either natural materials, or artificial substitutes, in 
making sound substantial roads at bottom, with hard 
smooth inflexible surfaces. Hence it is, that our old high- 
ways are found to partake of artificial undulations and 
of all degress of convexity, from the segment of a small 
circle or.elipsis, down to the p^fect level flat, according 
to the prepossession of the surveyor in favour of either 
mode; .without having been governed by any system or 
scientific rules whatever. 

An instance some few years since might have been 
exhibited, where the established rules, adopted in 
making canals, appeared to have prevailed in the origin 
nal formation and subsequent repair of a Turnpike-road 
within 15 mUes of the metropolis; here the water 
at the time referred to, was completely embankdd and 
confined on each side, by scrapings from o^ the 
ready without sufficient openings being left in the banks 
for the discharge of the water from a High^^ay destitute 
of lateral fall. In proportion as roads ^o kppt dry, i^i 
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X oiberwiie properly eonstracted, will they be liept 
1^ a proportioiiably less expense in repair. In pmof 
ef tkis assertion may be addaced the roads in the 
immediate neigfaboarbood of London, where to prevent 
the inconvenienoe of dast, the frequent use of the 
iNiter>eart prevails. The statnalry cannot saw his 
marblOi nor the li^idary dress his jewels, without 
the assbtance of the powder of the specific material 
on which he is acting ; tiiis when combined with water, 
produces sufficient attrition to accomplish both 
purposes. An effect not very ilissimilar is produced 
on gravelled roads. The finer or sandy parts of the 
gpravel wb^i mixed widi rain, or water from the oarts^ 
nalerially assist the passing wheels in grinding down &e 
surface, whilst the repairs of such roads as ate subjected 
to thia treatment, are found to be infinitely more expen- 
sive flian those which are not watered. Were grravelled 
roads so opeii aikd por6us that the instant the water- 
eart had piirformed its office of laying the dust — the 
water percolated and disappeared, the damage sus^ned 
would be gr^tly reduced, but as the water, in cloudy 
ealm weather, will continue for several hours to lie in 
the hollow and depressed parts of the surface, in all 
such places Uie injury becomes of a very serious descrip- 
tion. Theto roads are principally composed of a elayay 
gravel, the loamy parts of which so strongly adhere to 
the pebbles, that the utmost labour in skreening can 
neither sufficiently detach these nor the coarse sandy 
gpravel ; and after continued rain, the surface, by the 
powder from the pulverization of the fragil stones, the 
clay, loam, and coarse sandy particles, form not only a 
canal of sicrsh from side to side,- but the surface tmme^ 
diately below this fluid inass, becomes so completely 
puddled by the traffic through it, before it can be 
scraped off, as to preclude in a great degree the soakage 
or admission through it of succeeding showers. When this 
fluid matter is removed, the height of the road ia mdn- 



trfaed' by « frteli supply of tbiitlSce MMviik i^preoudfy 
the same ocMitioH^ tialeane' saldbm thread ninre tiun 
three ittfcbe^ iMokv en a bottom puevioulyi madir flAmdit 
wat^ tigfal^ittid by ike tiiiMr tiMI ibBy are siiff^ 
bvcAeii ddwn^ltf r^ndera ^(tofittge o^f«r thei^^ eiiher eny 
tO'&e hoiMtf or pleasant 1o<Ao^itbob tlv^ Hmxwfi 
the same operation becomes necessary after Hie AMt 
ebbtiiMVBid raib tck eigM a&d fiiity Uttimv' 4(P som^isg^ off 
11ii» mad alidi i^ptaefiif imb ilftferiab. > ^niiB^ i»8tt{i- 
posingf the rdadi t& bo ddiweit tritb^ weM'StooeAdL gk«nMt- 
st^Ms; tbe finer ^ sandy piM4» ad3iKidh as-posllMer liiMii 
iMf/asid the larger pisbbiM ik) iMkeiidoiM ^^tM'ko^ 
ex€«le4 the «?Jdrag8^sii»s «f A^ bfM egg^bdt yffmt Ae 
sloMd are smwnnded by Oik i»ditfate4 day( or loaii 
e»^el(^ped in coanse saw! and laiA oo/^ itt sfaiee, 
-wiliiont^ bei»f i^vioariy briikeii/ a» is M4|kiefltfysete 
itt th» yeparatioii of roa«b| iHe e^ nMtot imtfesie in 
prefiortion to the mtfit stalie: of the aiaterttd applied; 

SIdlbgle (ta' beaoh pebbl|d9 wkeni pfobtu^ 
tiehl esipidtts^are peiftaps^ofi^ of^tte^test MlttMl> mfHuA- 
als fe# aMkiHg^ asd Kejpairihf iPOadif^^dHbiMFlhe piirlteMi 
ofi^iiichfilte Mmp<^-ar» dl'p^($d%«l^ Wd^^^ 
fi^Mttany giit^or e^tranetfnsmaM^, tbjA^sduoe' a nift«^ 
spiMd;f pahrerfaatidn tlian whaif in effieict^ by H^ aSmfii 
tifaffio'; and li^n tkese aare^appiibd i^scdrysomidbotMsA 
keptihov frcnfft laitemlf abadfpliDa^^tb« Mnfaibe fMet^mA 
in Uid sanio sfaite by- dile^ tfottti^tf;^ tto voada tf the 
iriand/^eMfly speakinj^, «i« Atttud td be^ itoilMiitclir coH^ 
dition;- - ■ ^ ' ■ j -^i. • ■ 

"Biefoveaify ftii^er obstetationc^on ^tS6 pn^dtoettt stal^ 
attd ttdHttgio&oiikr of tfki Fubliei&iiilMijnii ^p^piaSy of 
tkoM» bi 4he ^^Miiiag^ ol tbtf Cdpi«A b^diseaM^^ it niajr 
notbo itt^i^tyef txf eaiqttJMf ia«» the olS««»;f aUeh of 
neoessiity, » Inmplke tn oth^ tiglf#a|f;ha» to'pi^nti^ 
to advintt to tte» best iMiM^^iilflrtlerlal* for itaf eonstnie^ 
lioif'Md r<^[alrlitibii^ in ^tneU^wher^ flm^iOMKiadaad 
are»jprGkmrabt»ial g^ ft&t^it^^i^fm^,^iiBn^gm the 
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best meaas of obtaining fit'and proper dnb^totds where 
Boch natoral materials are dot to be had^and to point oat 
the anode of their application so as to insure a sound, 
pemaHenty dry foundation, beneath the soperincumbent 
materials of the road ; capable of sustaining the moving 
weights it may be destined to bear in their passage over 
its surfiice.. 

All Turnpike roads and oth«r puUic Highways ought to 
be regarded as struetares destined to sustain, the constant 
weight of their own materisUsand those which occasionally 
pass ov^ them ; at the same time facilitating the passage 
of. Ihe latter by presenting a smooth^ hard and inflexible 
sarfiice. In the oonstrHctiQn of all edifices which are 
to support great weights, whether a house, a church, or 
a^btidge; the primary and indispensable consideration 
.of th4 architect, is, at any expense, to obtain a penna- 
tiiently firm and stable foundation x well knowing, that 
unleils this is first substantially made, no future depeur 
Aw^e- can be placed on the stability of the intended 
superstructure. This most requisite precaution hasi but 
recently been at all attended to in the formation 
either^ Turnpike or, other Roads, .and consequently 
the. 'bed or substratum, on which the.Boad materials 
'have been laid; being composed of lo4)$e substances, 
{trifling impressions are ttfst made, which by the constant 
repetition c^ beamy loads pairing over tbemt sofuimake 
sensible d^paresaioBSf and when this efiect is.once pro- 
4luced^-uaapassable holes are readily formed; heaps of 
the usual materials are then applied to fill them up 
4o.the gen^l lev!el» which in.Ihe course of a few winter 
weeks; .will d^viaild further additional supplies of the 
like sabatanoes^ to e&ot the like purpose. A cursory 
pba^^^ weoM naturally suppose that the surface in 
svL^h depressed, places bad been worn down — become 
moA-T^iad been carried off by attaching itself to therwbeels 
of carriages and feet of cattle, and had left a hole in 
iUe road« This auppojsition however^ is incorr<^t. The 
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bole has not been produced by the sapetfices being worn 
down decomposed, and carried away ; but by tbe rpad- 
materialsy haviAg become pressed down,, buried and 
lost in the soft moist sobstratom: beneath them,, for 
want of a proper foundation on which to res^t, and 
resist the piasaing weight over their surface. 4^s wjeP 
might the architect expect to prevent further settlement 
in the wall of a house, or the pier of a bridge, by applying, 
his art to the cracked parapet of the former, or loosened, 
key-stone of the arch of the latter. The evil originates 
in a total want, or imperfect fonndation^ and to this 
fondamental error must his skill be applied to remedy 
the imperfection in either case. This effect, on gra- 
velled and other roads may be further illustrated and 
proved by the depressed places in the London Streets. 
When a hollow part is observed, it is commonly ascribed 
to the wearing down of the upper ends of the stone 
pavement, but if it be more accurately examined the 
defect will be discovered to have arisen, not from any 
reduction in the height of the paving stones, but from 
a TOTAL WANT OP FOUNDATION to bear up and sup- 
port the superincumbent weight of the pavement. 

As the natural bed, or substratum on which Roads 
lie, must not only be composed of a great variety of 
strata, from the ha,rd and inflexible rock^ down to 
the spongy and quaking morass, — in shades also 
from the tenacious tile earth, to the finable loam and 
blowing sand — varieties which not unfrequently occur 
in the short distance of a £&w poles ;- it must be assumed 
as en impossibility to offer more than one or two. general 
mleis for making, or keeping in repair any given length 
of ' road^ with the natural materials, available in the 
districts through which any specific, road may extend. 
The first consideration, as before observed, in making 
roads, on scientific principles;' like the rearing of every 
other strnctnre made to snppor,t — to ; prevent settlement, 
or depression, from superincumbent weight — is the 
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Foundation. If this be not sufficient and equal to 
the pressare it is intended to sustain, the whole febric, 
tboagh in other respects ever so wdl contrived, must 
fail in permanent stability. This primary object jCJannot 
be insured, unless the natural bed, or substratum of the 
Road be kept perfectly free, not only from all lateral 
a1»sorption, but from any perpendicular admission of 
water. The former can only be prevented (in old roads) 
by keeping the surface of the water in the drains, or 
ditches, running parallel to their line of direction always 
four ihches at least below the bottom of the materials 
with whichthese roads are made, the latter may be efifected 
in the construction of new, or improvement of old roads by 
a floor, or foundation capable of supporting the superin* 
cumbent weight and rendered impervious to the descend- 
itig rain. In the formation of new Patent Roads great care 
is taken that the foundation be kept perfectly free from 
lateral water, by lines of small under-draius well fil- 
led in on each side, and made as deep as will allow of 
their free discharge into the parallel op^d water courses. 
The natural materials fot* making and repairing reads, 
may be comprehended under the denominations o£ 
Granite, Whin-stone, Lime-stone, Free-Stone, Flint, 
Seach Beach Pebbles, Gravel, Chalk, with their several 
varieties ; these may possibly be considered, in poiiit of 
relative value for road-making, to stand as they are here 
enumerated^ The artificial substitutes are calcined free, 
or sandstone, burnt irregular bricks, the refuse matter 
and scoria from foundaries and other manufactories: vtotk 
plates used as railways and tram roads, and vitrified 
<H4A Y ; for the preparation and application of vAAcYk to 
n^^d-making and other useful purposes. His Majesty's 
Letters Patent have recently issued. The first three of 
these la^t mentioned substances are^ obtainable in small 
quaxitities, and in local situations only^ The fourth are^ 
too expensive for the general purposes of Highways 
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and are exclosively applicable to collieries, mines and 
manufactories, where great weights are to be removed 
to comparatively short distances. The fifth will/ h% 
found to be a valaable substitute for the best natural 
materials, in districts where fit and proper substances 
for the construction of roads, are not to be procured, but 
at an expeuce that prohibits their application. 

In the formation of a new road, whatever may be the 
particular convexity determined on for the surface, the 
fopQdation should partake of the same curvature,by which 
regulation the whole substance of the road will assume 
the character of a bridge and be proportionably stronger 
than if formed on a horizontal plane. Much has beei| 
said on the convexity of roads. Formerly the barrelled 
road was the fashion, now an almost perfectly flat one, 
is as much advocated — fhe extreme of both, is evidently 
wrong. Roads partaking in convexity the segment of 
a small circle, for the sake of lateral drainage, especially 
in undulating districts, where a perfect level cannot b.e 
maintained in any hundred yards, must be wholly unne- 
cessary; the middle part soon becomes the only track.and 
as much out of repair as if the road was not one third of 
its width ; such roads may be flattened to a rise, at most, 
of five inches in the centre, where the width shall not 
exceed 2 poles, or 33 feet; but roads lying on ^, 
descent, instead of being less,should often be more round 
than those on a plane, to insure lateral drainage. In 
level districts, were longitudinal drainage is difficult to 
be obtained, it would be equally unwise to disregard a 
proper curvature, and instead of 6, an elevation of 8 or 9 
inches may be found requisite. Even in the former 
instance a due elevation in the centre will always be found 
beneficial ; because on an inclined plane extending the 
fourth of a mile or less, if the road be made perfectly 
flat and without any convexity, the middle will earlv 
become concave, and in a heavy contix^ued rain, i^$tead 
of the water passing off laterally, it will P the cOncave 
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middle part» and acquiring 'force in its descent^ will, in 
roslilng down disturb the materials and gull the road. 
Undoubtedly a proportional rotundity to the width in all 
cases is necessary, yet it may not be amiss to state, that 
there are few instances where the rise in the centre 
would be required to be greater than about half an 
inch in a foot from that point to each side ; this how- 
ever may be reduced in the application of the materials 
i^ccording to the several local circumstances attending 
the longitudinal fall in particular parts of the line of 

road. Patent Roads, may bo made maoh flatter. 

The immense quantity of gravel, stones and other 
materials, which from time to time have been buried in 
filling up the surface holes, and in making level the 
depressed places in most of the old Turnpike roads ; 
have at length provided them with a sort of imperfect 
foundation. This must necessarily be unequal in various 
parts of it, to the weight and parti li pressure it has 
constantly to sustain of its own superincumbent mate- 
rials ; the gravitating force of which, in continued wet 
weather, often becomes very perceptible at the surface, 
though the effect of heavily laden carts and waggons 
sHould not have contributed to its depression. 

A cubical foot of selected gravel-stones, principally 
weighing from an ounce, and ounce and half, to four 
ounces, the size of a hen's e^g, and none exceeding six 
ounces, will weigh from 108 to 1121bs. — consequently a 
cubical, yard, will weigh from 26 to 27 cwt. — but as the 
stones with which the old roads were originally formed 
and with which they have since been uniformly repaired, 
were infinitely larger and more ponderous, it may fairly 
be presumed, that every square yard of their adventi- 
tious foundations has to support a continued pressure of 
at least one ton and an half. When to this constant gra- 
vitating force is superadded the occasional and frequent 
compression of moving weights of 4, 5, & 6 tons, it is de- 
monstrably certain, that every foundation so accidentally 



and QiMcientifically produced, must occasionally yield in 
8(Hiie of its parts-^b wboHymifitaDdiiioapableyiespeciaUy 
m rainy seasons^ of pievbnting the lower itiaterialBfiroii 
l>eing pressed down-— sunk and lost benesjilh it, 'or ^ die 
nppersurfacefrom biding depressed and worn into ^cAes.-44> 
Yet if these infirm foundations be laid perfectly^ dry. and 
effectually protected 'from. the ajqiroaeh and admissioa 
of water as* before recommebded-^^^nd thiU; they •^axe 
always strictly attended to, they may be made toleraUy 
strong for the constant support of their own wdghty 
materiab^ though not with either the cetrtaintgr; or 
security which the Patent process insures, of sustaining 
any occasional additional weight, witfadnt. •depression. 

Various as may be the subsUsatam and its eomponenri 
parts ; the excellence and perfection of publie High-» 
ways are alike in all cases^-HNipportiiig the mass of t}ieif 
own superincumbent materials and the moving weights 
passing over their superfioes, by a substantial impervious 
floor, or foundation— and facSitatting . the labour of 
horse3« — ^the motion of carriages,— the expedition and 
comfort of travellers, by a compact, hard and smooth 
surface, allowing of as littie impressiopand as few ruts 
being made in it, as possible. ' , ; 

• These are .the principal desiderata in the construction 
of permanentiy sound Turnpike and other Highways^ 
and thiat practical system of road*making which can 
effect both at the least expense ; requires nothing but 
common sense for iU advocate atid adoption. ., ..r,,,; 

The natural materials of #hieh the fonndation (the pfiT • 
aary« object) and afterwards the substianoe, or body of 
a road up to itsisurfaoe^are to be composed, o^pid 
next under consideration. ' > ' 

Should the foundation be constructed agreeably to 
the Patent process, tiioug^ of natural. materials, whether 
consisting of granite, whin-stone^ lime-stone^ free«stoiwi^ 
flint, land or gravel-stones, these may be all n8e<) ^ 
(sonsiderable ■ size in its £MrmMioiy>*r-of any shaM ^it 
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Sigute, thpae only being lurdmed that baye que flat sid^i 
^ JMi^diiig lon Urn sabKbraftan. The inregnlaritf of 
the aiktr sides is nminporfant, he^caiisp, wfaea diqKNSoi 
ofitt 4h9 fihape of a pavemeat, aU the irmgularitiefi of 
the Mppet aide, ace filled iip with smaU pieces .of 
llie atoiiey er smal p^Ales, until it fasocaie a tolerably 
«vea floor when bysmajU skreenings from the U^e materials 
it is nade completely leTiri from 4 4d 6 inches deep as the 
^ase may lequire ; the irhoie is then gixMited and anitod 
together liy. the aid of hot lima and ^ater; which 
when pmperly execated, soon renders it impervioos 
tp water. When Ifais gronted voun^aviov is, paved on 
aocn^eif sabatratum of elay or other oompai^t body* 
it eyctpdes the admissim of sain finoai. the elonda» and 
if the htaral aiMtorplioft of water from the. side : ditches 
be piiBF«ited by parallel undecTdrains^ it is nei^t tor an 
impftssih^ity Vihat the naimallied shonld ever giye way« 
or beeeipei ki Milt as to prpAice any depiession of the 
arch made floor, or faaa^ktioii, bound as its parts, are 
efcctoally ii^gether^ by the process of paving and groa- 
ting. The foondatioi^ being tb^s snbslantially made 
and lendeced impenetrable, the materials for th^ npper 
part, if stone, should all be broken into the siae of a 
cnbioalinoh or ther&raboats^if of pebbka, none sfamild 
exceed the iconunon size of an hen's egg» or Wfigh 
more than tjpam four to six nances ;. those of a larger 
deiciiptbn sboiil^ all he broken. Two otuects* ^f 
advantage are attained by b'^raakiag down the laKge 
pe^bleistone»-^t provides ^e globnlar aiiass of pebbles 
witii angalar piaoes, which greatily assist thi^ binding 
together, and 'it also famishes small fragments foK the 
exterior parts, which, with thechippings of Ihe.stODeSt 
or the small pebbles not raLoeedtng two ounces in veigiit, 
shoold be carefaUyi separated apd reserved for the 8 or 3 
inches of lextamid covering, including the halbsstonA^ 
mppei part, or crown of the roadi. . As few stones are of 
the s^me specifio gsavity, and aa limestoie is Ibiuid ta 
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vary ft«^ 1386 to 2390/ in districts where a choice of 
natural materials is presented, all other drcomstances 
being equal, or nearly so; stones of the least specific 
gravity ought to be p^c^erred. A prodi^ous e;xpense 
in cartage may Ihos be saved, whilst the natural bed or 
substratuQi on which the road rests will have less 
constant weight to support. 

. AlfJjiiough it is not generally so understood, yet the fact 
k.capal^e of pxopf ; that the principal injuries sustained 
by excessive weights passing over Turnpikes and other 
Bpads, are all first received at the bottom, or what in 
old Boiadf» is improperly cabled. the /otimfo^ion; but, as 
these i|uschi^& do not become perceptible, till indicated 
by inequalities in the surface, the evil is naturally re- 
ferred to thp top; to which the ability of the surveyor is» 
from necessity, constantly directed for temporary relief 
^nd an^endpient. It is, however, the bottom, and not the 
top of roads of every description, that demands the 
exercise of his professional ability, care, and attentiohi 
for if the Public Highways were coniposed of, and 
covered with adamantine materiab, and these broken as 
small as the eggs of hens, it must be obvious that unless 
the mass rest on an unjeilding solid foundation, the 
undermost heavy parts firom their gravitating power, as^ 
sisted by the occasional pressure of great moving weights^ 
will |^at^rally sink ini^^ and be as it were, absorbed, 
by the soCt natural substratum,. A bottom of qlay, loam 
&c.wji^n sufficiently softened by water into a paste is 
by ' supji constant gravitation and occasional pressure, 
perpetu^ly squeezed up between each pebble pr portion 
^f #toii^; this ipakes Toom for the descent of others, 
^vfiry partible of which becoming a conductor of water 
friHtt t]|e surtace, necessarily keeps the bottom always 
yifi^t, fpft, a|id ii^ a fit pvlpy state to swallow up and give 
plac^tP.the weighty materials daily supplied on the top 
]Q repai^ng the surface. 
H^viiB^ei^pIai^edlheoSiceSyorservioes which thcpublio 
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has a riglit to expect from well conducted Tarnpike 
Roads and other Highways and having suggested a 
method by which the principal defect in the formation 
of the old roads, may, to a certain extent, be remedied, 
as also the means, of obtaining a most substantial and 
permanent improvement by the adoption of so much of 
the improved new Patent process as relates to the form- 
ing an impenetrable and immoveable foundation on the 
substratum with natural materials, together with the most 
approved mode of their farther application, in districts 
where they abound, or are practically procurable — the 
new Patent process for manufacturing and providing* 
bard and durable materials, in districts, where neitlier 
stone, gravel, nor chalk are obtainable — but at a price 
that forbids their use in the Highway^, comes next under 
Sicussion. 

Neither pure clay nor pure sand is vitrifiable by fire 
separately and by itself, but any mixture of the primitive 
earths, the other three being the calcareous, ponderous 
and magnesian, especially if the calcareous be one in the 
mixture, fuses and vitrifies the mass very readily. In all 
the common clays approximating the surface, one half 
of their solid contents is, on analysis, found to be sand ; 
of course such clays are vitrifiable; but in alluvial valleys 
or where the calcareous earth forms a component part, 
as in the case of all marles, the operation is greatly 
findlitated: Clay, when subjected so long to the fire as 
to destroy its orginal texture and the whole of the car- 
bonaceous matter it may contain, which is discoverable 
when broken, by its not being internally black] becomes 
a very hard substance — will imbibe no water — and is 
not acted on by the severest frosts in South Britain ; but 
#faen it i!s more perfectly fused, or vitrified and will strike 
fire with steel, it becomes of less than half the specific 
^vity of pebbles gathered from the land, or found in 
gravel pits ; is more than double the ctfbical contents of 
inch stone:^, though of equal weights, and will atestaib^ 
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great weight, withoat being crashed, as the commoii 
grarel-stoties of equal dimensions. When gravel i$ 
ground down on the roads, a process greatly assisted' by 
the finer or sandy parts of it adhering to the pebbles, a 
paste is formed ; hence the abundance of mud and slush, 
that is accumulated in wet weather and which is obliged 
to be scraped off; but there is no possibility of making 
a paste with pounded vitrified, or fused clay, conse- 
quently all roads made with this material, which greatly 
resembles the scoria from iron furnaces and lava, will not 
be liable to so great an inconvenienoe, nor, can they 
ever be so wet, or splashy in rainy seasons ; because the 
whole body or substance of the road above the foutyda* 
TION being made with the same non-absorbent materials; 
and lying very hollow, acts as a constant nndier-dniin, 
through which the surface water very readily percolates 
and descends until, it meets the impervious flodring, 
which| guards ''the under^drains on each side, made 
parallel to the direction of the Road, for preventing 
lateral absorption and is discharged into the open water 
courses. 

On constructing a new Road on the Patent principle 
over a substratum of clay, the space it is intended to 
occupy is to be excavated one foot deep, or more, ac*- 
cording to circumstances ; the excavated clay, after it'is 
dried, is to be wheeled (by hand) to a central fire and 
vitrified; the mass is then to be broken up and Uie 
natural bed being prepared and formed with the samecoft-^ 
vexity which the surface is to assume, a fo VN d Atioii 
or flooring is made with the larger fragments, preferring 
those with one flat side for imbedding on the nattirel 
clay. The irregularities and interstices of the upp^r 
sides as also the spaces, or vacancies between the several 
pieces, are then filled up with the chippings, or little 
pieces and the skreenings are spread over the whdte; 
after whichit is slightly beaten to shake the small pailic^es 
down into the intervals and the whole is finished by being 
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grouted together witli hot lime and water. If tUenatoral bed 
be tr solid clay tkis foundation^ or flooring extending 
frwi drain to drain, in all roads not exceeding 3 poles 
or 33 jfioet in width, need not exceed 4 or 5 inches in 
(lopkness; if a more tender substratom it might be neces- 
sary to increase it an inch, or something more ; and in both 
caffiis regard mnst be had to the moving weights to which 
the snperfices of tiie road may be subjected. In this 
ceostructioa of a Highway aa tdl lateral absorption of 
water is provided against by under^drains and as 
that which /alls perpendicularly descends throagh the 
body of the road only to the upper surface of the foun- 
dation; the natural bed or substratum must always 
be preserved dry and capable of sustaining equally in all 
it9^ parts tiiie bond of masonry laid upon it^ whioh will con- 
tuimea permanentand substantial protection against all fu- 
ture depressions. In roads exceeding two poles in widths 
before the; foundation is laid, transverse under-drains 
diould be madeinthesabstraUim similar to andcommunica* 
tU^ with the parallel ones, at tbedistance of. every pole, it 
being practically well understood that in adhesive strong 
land, perfect drainage cannot be effected by drains at a 
greater distance than one pole a part. 
. The Coach-way pavement in the streets of London, 
entirely resting on loose, madcf ground, and not on any 
solid ^r substantial foundation, is not only very expen- 
aive to l^eep in repair, but produces material injury to 
tl^ front walls of the houses on each side, by the vibrat- 
ing, tremulous mctioii which is communicated to them 
aft the passing of every heavily laden waggon, or cart 
ever it^ suirft^ce ; and were it not that the payement in 
Kabkr'to b^ occasionally disturbed, no doubt can be en- 
leitiaiied.that a Patent grouted^flooring,or*poUNDATioiY 
WVHridbe.the best and most economical expedient that 
pmM he resorted to, for preserving the pavement from 
d«pflfMion> and the front walls of the houses from injury. 
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l%e immediate surface or escteriorcdverin^aiade iAOk 
the smaller parts> neither the poirder nor partieles «f 
which are absorbent of water, arid ctrnseqncotly ner* 
affected by frosts ; wiH in few cases reqairfe to be moitr 
than 2 or 3 inches thick. This must neeeftsMify sttflinh' 
diminution of its parts from attrition and be skdieiir 
down into vacancies' in the stratnm below; but when rcK 
plenished, — assisted byballast, or smatt graTeI,laiiff rolled- 
down with a heavy roller, the particles, from flietr great* 
irregnlarity of shape, wiH hold each other so tightly vM^ 
firmly together, that they will not be easily distarbed ;»-^' 
will soon become hard, — «olid,-^co'knpact ^-^-anftd instead^ 
of a newly made, or repaired Patent Road, bem^ mi-' 
pleasant to travel over, as is the case oh thbse' that are^ 
gravelled; Roads thus matdewili immediately be per-' 
fectty firm and smooth. 

The Patent Road is divided into three distinct Strata. 
The Foandation, Middle stratum, tiiid exterior covering/ 
or Surface. Large pieces from 4 to itfcKes* squares are* 
lised in the POirNDATioN, those not exceeding 8 inches 
911 up the Middle stratum and sudi ^ will pass through 
a skreen or riddle, of meshes 9* inches square, a!ire applied' 
to the Surface. Meshes of these dimensioui^ ^11 admiif 
gravel-stones or other pebbles through them; weighing* 
4, 5, and 6 ounces, whilst the^ortion of vitrified or Ihsed'- 
matter that would as readily pass, will rarely be fbund to' 
weigh more than 30 dram», or one ounoe and* a quarter.' 
This difierenoe in point of specific gravity; maypossiblj 
induce an apprehension that the Patent material^ wonld 
iail in sustaining the legal weights, which may bei 
required to pass over the surface of roads so constructed.. 
The extreme irregularity of shape in the vitrified and' 
fused fragments of which the Surface, Middle stratum* and 
PouKDATioN of Patentroads are composed, fornvsuch ai 
system of resistance to the superincumbent weight as to* 
give to every part of their solid contents the qusdity and' 
strength of an arch ; and white this has the effect of 
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affording great support, it widely distributes both the 
Gongtant and occasional weight, resting on the surface, 
and subtends and disseminates the pressure on one square 
foot probably over some square yards ere it reaches the 
natural substratum. These irregularities of shape front 
their hardness and being pefectly dry constitute a prin- 
cipal feature of encouragement as to the successful con- 
struction of Patent roads by their readily admitting all 
the spaces and interstices necessarily formed between 
each piece as well as in the pieces themselves, to be so 
perfectly filled up, as to give the whole percolating body 
of the road, as well as the foundation, the character of 
one completely solidified arch formed mass ; citable in 
the general opi^on of bearing up without depression 
any weight allowed by law to pass over its surface. 

In the common mode of road-making 10 inches of 
well consolidated materials are considered as. equal to 
carry any thing on \ roads formed without a foundation ; 
and lying on a natural soft bed constantly supplied with 
water, this fact furnishes reason to presume that a Rpad 
Gcmstructed on scientific principles with the Patent light 
materials 12 inches in depth resting on an imperishable, 
consolidated foundation, and a perfectly dry sub- 
Stratum, would be found equal in point of resisting 
strength, — ^and if so, certainly of greater durability, thto 
roads made with heavy natural materials, having an in*, 
creased tendency to gravitate, sink, aiid be lost in a soft 
bed of wet, yeilding clay. 

It ha» before been observed, and it may not be im- 
proper to repeat, that roads of this description destitute 
of a solid foundation to sustain the constantly gravitating 
force of their own materials^ which is in exact proportion 
to their cubes, acting perpendicularly, powerfully and 
partially to the amount of at least one ton and an half 
on every square yard, besides the occasional weights of 
the traffic passing over their surfaces, must unavoidabjiy 
be liable to constant depressions, and be extremely 
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expensive to keep in repair. All smooth stones and 
pebbles of a glpbidar cir circalarforiDy act as immediate 
conductors ipi supplying the natural bed» op which they 
lie, with water, by which means their tendency to sink 
into it, is much &cilitated, and by the repeated action of 
occasional pressiures on the top,^ the natural bottom it 
perpetually squeezed up* superficially among them, 
making iroom for .fresh* particles -to subside and 
settle down as they are supplied on the top, for 
maintaining a levdi surface. . None of these evils and 
objections attend the Patent system; in the progreto of 
irUob, the natural substratum can receive neither per« 
pendicnlar nor lateral water ; the former in its descent 
is stopped by the impervious floor — ^falls to the right 
and left, and is discharged into the open water courses, 
while the under->-drains^. prevent all lateral absorption, 
by running parallel and cfosp under the edge of 
the arch formed foundation. This is* capable 
of great . resistance, though it would not con- 
stantly have to fmsti^n a greatly distributed gravitating 
force of miore than lOcwt. of road materials on ^ach 
square yard, and consequently^.one ton less on all 
oocasional pcessnres, than in the former instance, of a 
road composed of natural materials ; where from theii 
sliape, if smalt and globular, the surface pressure is not 
likely to-be much otherwise than directly perpendicular; 
whilst the, weight, whether constant or occasional, sus- 
tained by a Patent Road, would from the. divers forms of 
its infinitely angular materials and its compaction, derive 
prodigious power of resisting pressure, a quality, which 
would be so. diffused over and through the whcde mass, as 
that the weight of a loaded waggon moving longitudinally 
on the width of four feet and an half, would most likely be 
so spread, as to beultimatejy sustained by as many squar^. 
yards. Such an effect, canpot be produced but in roads 
.formed with i^mewhat large materi^, lying hollow, and 
from their, diversity of shape, pfi^duciK^ a series of innu- 



meraUid ttehes. This circnmstance bids finr to ^Mjoti- 
mgen Bope, iHat shoald the P^itebt ttfafterllii] in a separate 
ferm, be found more liable fo be e^dshed than the 
harder aatmral materkh, Jfieft in il stafe crf'eotnftinAtidiiv 
it will be fband eqaaHy fit and adapled fiiy^astalki llie 
legal saf»erinemnbent wei^ts ; and tiMMr compensate for 
any actual deficiency in point ef Coni]^!aratiye kttrdness. 
Supposing 30 ctrt. of perpendictilar pressare be required 
to cnish a sihffk pebble stone; dt an* inditidtkii piece of 
vitrified matfer 6( the same cabical dittiensidns ; irhen 
snch materials are respeetively in iM^s,. crib' balk, as in 
the body of a road, resting on otWd c^f a- simiiatf 
form and description, each sabsfanee will be ibnnd 
to sustain the crashing weigbf, with the least injury; 
in the exact proportion of the points* of beating, with 
which each is funerished. Now as pebble stbileB are of 
a circulair form, their (Joints of bearing are feW, when 
compared to theite attencHng the various irfeg^titar nn^ 
equal ai^ular fotms, which vitrified matter assbmes 
when broken into fit portions for the applicBftibn of it 
to the respective stralSa of Roads, aM^ eotfse<yuentIy 
the latter will be found to support tbe wefig^ht wijA 
infinitisly lesi destruction of its contigmt^ ef parts 
than the former. 

The value bf the Fateht process is ibrther advadeed 
by its m^iterials being obtainable in districts. Where nei* 
ther stone, gravel, nor chalk, for making roads' are to be 
procured on admissible tetms. In the stiff clays of the 
Comity of Sussex vliere there is no gravel, and whore 
stone can o^ly be had at a prodigious expense,- the 
adoption of the 'Patent system will be found highly ad'^ 
v'antageous; The same beneficial consequences will 
reijult to all Ibose districts of other counties, sucb as 
the lower parts of if orfolk. Woodland parts of Suffolk 
and Essex, Bedfordshire, the Isle of Ely, parts of 
Lincohishire, Sea. fltc. where hard road material are 
not available ; indeed there is great reason U* b^llere 
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fittit iii tautby places not entirely destitute et natural and 
fit substan^s for the like purpose, but lying remotely 
from the line of road to be made, or repaired; tke 
adoption of the Patent process would be found to be 
the most econwnioa! as well as best mode of proceeding. 

However great the prospective advantages may 
appear in pecuniary and other points of view, to indivi- 
duals, having it in contemplation to constntct a new 
road on the Patent principles ; yet the beneficial effects 
of adopting the process in a popular point of light, will 
supers^ede these considerations, by diffusing widely 
through the district in which any proposed line of such 
road may be extended, fall employment to the labouring 
cTassesl The formation of a Patent road, unlike that of 
other Highways, depending, not on the daily long trains 
of loaded carts for supplying materials, but relying simply 
and exclusively on its own natural snbstrsttum, rendered 
lit for the purpose on the spot, by thelabour of men, women 
and children, in excavating, wheeling, drying, vitrifying, 
and returning it again, when duly prepared and sepa- 
rated, to the place whence it had been taken; must 
necessarily afford employ to numbers at their own doors, 
and saving and exceptmg the value of fuel and lime, 
for vitrifying and grouting and the expense of carting 
these requisites, the whole cost of constructing a Patent 
road, is exclusively incnri'ed by MANUAL labour. 

In the process of obtaining vitrified materials froth 
the natural substratum, different degress of heat in the 
clamp or ^re, which are nnavoidable, will produce 
different substances of four descriptions, all of which, 
however, are found, in the several applications * of 
them, useful and. important in the formation of a 
Pat^t road. These four substances may be dis* 
tingnished under the general heads of Burnt Clay, 
Calcined Clay, Fused Clay, and Vitrified Clay. 

First. Bunit Clay, or Clay so changed by the action 
of fire, that it will neither absorb water, nor fall into k 



24 

powder by tlie severest frosts inSoath Britain ; when 
beatea.into small pieces by women and childrBn, vis 
applica^ble to the mider-drains, and highly nsefal in filling 
up the several spaces and interstices of the FOUNOAr 
T10N9 ^ well as assisting in the consolidation of the 
whole body of the road. 

Secondly. Calcined Clay is sufficiently hard and strong 
to assist the fused materials in forming the Middle str«r 
turn of the road. 

Thirdly. Fused Clay. The principal part of this ma- 
terial is applied to the formation of the Middle stratum* 
the harder* or more completely iuAed parts approaching 
to vitreous matter* assist in forming the foundatioQ* This 
is highly important as it allows portions of No. 4- to be 
brol^en sufficiently su^all for the external or surface 
covering. 

Fourthly. Vitrified. Clay. The larger portions of this 
matter with the more completely fused parts of No. 3w 
form the convex grouted floor* or foundation : on 
which rests the whole constant weight of the superadded 
materials as well as the occasional weight of tbo traffic; 
and requires to be substantially exe€U.ted. 

In breaking up the mass the small portions from Nos. 
8 and 4 are selected and reserved for the coving of 
the upper surface* while the like description from Nos. 
1 and 2 help to fill up the interstices and to consolidate 
the whole substance of the Boad. . , 

It may not be amiss as a concluding remark by which a 
comparative estimate may be formed of the expenses inci* 
dent ^o the old process and those incurred by the new Pa* 
tent sy sten^*to state* that altliongh skreened gravel for roads 
is a costly article* yet it is the carriage of it* that renders 
the present mode of road-making and keeping them in re- 
pair* so very expensive. In the prosecution of the Patoat 
system » carting of materials U scarcely known* nor does 
it need the expense of Horse labour, butfor theconreyaiice 
of Fuel and Lime. Excepting in these two particulars the 



36 

whole bniiinei^s is hegaxk and perfected 6ir the spot' by ttie 
labour of meto, women ftnd childreh ; who, if properly ap-^ 
pointed and regulated; would be capable of making a mite of 
Road in the t^odrse of a summer month, instead, as iafre* 
quently the case, a year being expended on its construction. 

Such actual experiments as have been instituted, 
and which from the recent gprant of the Piitent and 
humidity of the season in which they Were com- 
menced, have necessarily been few, and thosie on a 
limited scale, afford well grounded reason - to ' believe, 
that by the general adoption of the Patent System and 
its Scientific principles, in the future management of the 
35000 miles of Turnpike Beads,' stated to pass through 
England and Wales and annually to cost in their repaihi 
a million and a quarter^ a very material reduction would 
not only take place in this yearly expenditure, but that 
in the course of a few yecu*s, the 8fiV£N millions of 
debt, with which the several Trusts are said to be en-* 
cumbered would be nearly, if not entirely extinguished. 

As this Lottos Patent not only extend to the preparing 
or manufectnring substances -for the formation of the 
Highways and other Roads'^bnt to ^' oth^r^ useful pur- 
poses,'* the application of the ]Patent SfateriUs to Hollow, 
or tjNDBR-DRAiNiNG of Land, will be found a ihost ini- 
port^nt and highly beneficial' practice, by- piiovidlng 
against the two powerful objections whi<\^ are constantly 
operating to prevent a more general adoption "of this 
most useful of al} rural improvements. The hea^y '<iharges 
incident to tins operation and the frequent -ocd^ional 
feilures in the Undernctrains, after such charges have 
been incurred. These* have had the eflect' to prevent 
thousands of acres firoln being thus laid diy and '-con- 
verted into good sound meadow and pasture land. Both 
discotnragements owe their origin to one and the same 
cause; the prodigious expense and damage attendin^^ the 
carting of stones, or other materials with which under- 
drains are to be filled in, to the places destined for their 
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iats and cthar Tdrmin; tti the aii^Iar p&rts AF flie 
aiateriab are too many, to6 bard, and too sharp,' for tbem 
to barrow, and ooASi^cielitly to' breed in. Another 
eoonomical pnrposei to'- which also it may be ajipli^, 
where the oost of bricks and the cartage of them even 
from a little distance^ form tfie most expensive part of 
the bailding of cottages ; the pat^it vitrified materials 
capable of being prodaced on the spot, without horse or 
cattle laboar, will be found to be a most valnable 

acquisition. 
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